In the present paper using homotopy analysis method (HAM), we approximate a special case of fuzzy integral equations. The fuzzy integral and integro-differential equations have a wide range of applications in science and engineering. In this paper HAM can be to find the exact solution or an approximate solution of the problem. Within this paper the HAM is used to obtain A series solution of intgro-differential equations. Finally, we illustrate our approach by some numerical examples.
Introduction
Fuzzy numbers and operations on fuzzy numbers were introduced by Zadeh and Dubois [33, 12] . For more information on fuzzy sets and operations on fuzzy sets, we refer the reader to [23] . Chang and Zadeh [10] introduced the fuzzy mapping function. Then, Dubois and Prade [11] with extension principle presented an elementary fuzzy calculus. Integration of fuzzy functions was introduced by Dubois and Prade [11] . Fuzzy integral equations (FIE) and fuzzy differential equations (FDEs) which growing for more time, in particular in relation to control, have been rapidly developed in recently years [4, 6] . A lot of these relations can be solved explicitly, it is often necessary to resort to numerical techniques which are appropriate combinations of numerical integration and interpolation [9, 28, 27] . There are several numerical methods for solving linear Fredholm fuzzy integral equations of the second kind [3, 7] . Liao in [13] presented the homotopy analysis method in topology to propose a general analytical solution for a nonlinear problem. HAM [14, 15, 17] . Abbasbandy and Allahviranloo [1, 2, 5] applied HPM to solve Riccati differential equation and nonlinear Fredholm integral equations. Also he used HAM for solving quadratic Riccati differential equation [31] and mixed Volterra-Fredholm integral equations [19] . Then, the HAM has been applied to obtain analytical solution to a linear Fredholm fuzzy integral equation of the second [26] . The purpose of this paper is to extend the application of the HAM for approximating the fuzzy integro-differential equations. We shall apply HAM to find the approximate analytical solutions of the fuzzy integro-differential equations.
Preliminaries
In this section, we briefly review basic of fuzzy calculus. 
We show this fuzzy numbers by E. In this notations, an alternative definition which yields the same E is given by Kaleva [22, 25] . 
) and k ∈ R we define addition and multiplication by k as [25] 
where it is shown that (E, D) is a complete metric space [29] .
that this limit exists in the metric D.
If the fuzzy function f (t) is continuous in the metric D, its definite integral exists [20] and also,
then w is called the H-difference of u, v and it is denoted u ⊖ v.
In this paper the sign ⊖ always stands for the H-difference, and let us remark that u
Definition 2.6. Let f : T −→ E be a fuzzy function. We say f is differentiable at t 0 ∈ T if there exists an element F ′ (t 0 ) ∈ E such that the limits
exist and are equal to f ′ (t 0 ).
Fuzzy integro-differential equation
In mathematics, an integral equation is an equation in which an unknown function appears under an integral sign. There is a close connection between differential and integral equations, and some problems may be formulated either way. The most basic type of integral equation is called a Fredholm equation of the first type. In this paper, we consider the Fredholm integro-differential equations of the second kind [21] 
The notation follows Arfken. 
which possesses a unique solution ( f , f ) ∈ B which is a fuzzy function, i.e. for each s, the pair ( f (s; r), f (s; r)) is a fuzzy number. Therefore the parametric form of Eq. (3.2)are given with:
In this section, we define the HAM as an analytical algorithm for approximating the solution of this system of integrodifferential equation such as [26] . The ideas of HAM are introduced [16] . Then we find the approximate solutions for f (s; r) and f (s; r) for each 0 ≤ r ≤ 1 and s ∈ [a, b] [13] . Consider the system of integro-differential equations with initial condition
where
Suppose that F 0 (s) be an initial guess of F(s), which satisfies the initial condition (3. 
Let q ∈ [0, 1] be an embedding parameter, h be a diagonal matrix of nonzero convergence-parameters and also H(s) be a diagonal matrix of auxiliary functions [16] . Using the above definitions, we construct the zero-order deformation equation
subject to initial condition Φ(s 0 ; q) = F(s 0 ). When q = 0 and q = 1, we from the zero-order deformation Eq. (3.7) that Φ(s; 0) = F 0 (s) and Φ(s; 1) = F(s). Defining
and expanding Φ(s; q) in Taylor series with respect to the embedding parameter q, we have
With differentiating the zero-order deformation Eq. (3.7) mtimes with respect to q, and finally dividing by m!, we have the mth-order deformation equation [16] 
with initial condition F m (0) = F 0 , where
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Numerical examples
To illustrate the technique proposed in this paper, consider the following examples. In the computer simulation, all of the programs are written with MATLAB. For all examples, we choose H(s) = I and for each fuzzy numbers, we use r = 0, 0.1, 0.2, . . . , 1. 
Under the base functions (3.6) and with the aid of the above initial condition and governing equation (4.8) , we choose the initial approximation 
The parametric form of Eq. (4.8) is given by
Under the base functions (3.6) and with the aid of the above initial condition and governing equation (4.10) , we choose the initial approximation 
The parametric form of Eq. (4.10) is given by
     f ′ (s; r) = (r + r 2 )s 2 + ∫ 1 0 s 2 6 f (t)dt, f (0; r) = 0, f ′ (s; r) = (4 − r − r 3 )s 2 + ∫ 1 0 s 2 6 f (t)dt, f (0; r) = 0.
Conclusion
Solving fuzzy integro-differential equations by using HAM is presented in this paper. The advantage of this approach is compute the series pattern solution of fuzzy integro-differential equations. The results show that HAM is a promising tool for this type of fuzzy integro-differential equations. The HAM is more suitable than another analytic methods, because this method provided us with a convenient way to control the convergence of an approximating series.
